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Abstract 
Gaseous emissions from the fluidised bed co-combustion of 50% w/w chicken litter 
and peat were monitored and recorded. Emission data were used to create a dispersion 
model for a proposed site on a poultry farm in Ireland. Variables within the 
combustion unit influenced both combustion and emission levels of pollutants such as 
SO2 and NOx, CO. Concentrations of atmospheric pollutants decreased with use of 
the correct ratio between fluidising and secondary air. Dispersion modelling
combustion at a proposed poultry unit predicted that ground level concentrations for 
the set of emissions data would be below the limits and guidelines set by air quality 
standards. 
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1. Introduction 
In Ireland, waste from poultry farming (poultry litter) has traditionally been disposed 
of by spreading on soil as an amendment, however over-application has resulted in 
enrichment of water soluble nutrients and in eutrophication of rivers and lakes. 
Agriculture represents in excess of 97% of the 135x106 tonnes of organic waste 
arising in Ireland of which 453x103 tonnes arises from poultry litter (Brogan et al., 
2001). Although accounting for only 0.35% of organic waste the regional 
concentration of the poultry industry increases the environmental risk. Additionally, 
unlike cattle slurry, chicken litter does not represent nutrient recycling as generally 
there is no link between crop and animal production and nutrients on these farms. 
Eutrophication has been suggested as the main cause of impaired surface water 
resources (US EPA, 1996). Bitzer and Sims (1988) reported that excessive application 
of poultry litter in cropping systems can result in nitrate (NO3) contamination of 
groundwater. High levels of NO3 in drinking water can cause methaemoglobinaemia 
(blue baby syndrome), cancer, and respiratory illness in humans and foetal abortions 
in livestock (Stevenson, 1986). Alternative, environmentally acceptable, disposal 
routes, with potential financial benefits, may lie in large-scale biomass to energy 
schemes that can also provide an easier to handle fertiliser as a by-product. Three 
options have been considered and in some cases implemented: centralised anaerobic 
digestion, composting and direct combustion with combined heat and power. The 
most successful conversion of poultry litter to energy involves the use of mass burn 
combustion and, in particular, step-grate combustion systems (Page and Allen, 1993). 
Research is ongoing into different technologies that could be employed for 
combusting biomass or similar fuels on a smaller scale (Kelleher et al., 2002). These 
small-scale facilities could be used to generate energy to heat farm based production 
units. Fluidised bed combustion (FBC) is one such technology being assessed due to 
promising characteristics including fuel flexibility, ability to accept fuels with a high 
ash and moisture content, the low cost associated with fuel preparation, and 
operational flexibility with regard to ash collection. The combustion of wastes 
employing fluidised beds requires novel approaches to design. The FBC unit must suit 
the nature of the waste, which may contain high levels of volatile matter and is 
usually highly heterogeneous in nature. The combustion of volatiles needs to be well 
controlled to ensure that the combustion temperature in the bed does not exceed 
850°C in order to minimise the formation of pollutants such as NOx as well as 
minimising ash sintering or fusion which can result in problems of fouling and 
slagging. Temperatures of approximately 850°C would also optimise the retention of 
SO2 by CaCO3 and other adsorbents. 
 
In this work an FBC unit was used for tests involving the co-combustion of chicken 
litter and Irish peat. This paper reports emission results from laboratory trials 
undertaken using a pilot scale FBC unit at INETI, Lisbon, Portugal and describes the 
process and air quality modelling analysis conducted to examine the environmental 
impact of co-combusting poultry litter and peat at the designated site in Ireland. The 
aim was to compare the emission levels resulting from co-combustion with 
assessment criteria set down in national and international guidelines. 
 
 
2. Methods 
2.1. Fluidised bed combustion and fuel characterisation 
The FBC used in the tests was 300x300 mm in cross section with a height of 5000 
mm. Its exterior was insulated with ceramic fibres and gas sampling probes for CO, 
CO2, NOx, NO2, SO2, and O2 were situated at various heights within the combustion
chamber. The operating conditions of the combustor are given in Table 1. 
 
 
 
Table 1. Operating conditions for fluidised bed co-combustion of 50/50 wt.% peat and 
chicken litter 
 
Variables 
Bed temperature (ºC) 750-850 
Freeboard temperature (ºC) 830-950 
Chicken litter feed rate (kg/h) 4.0-8.0 
Peat feed rate (kg/h) 4.0 
Gas velocity (m/s) 0.4-0.6 
Excess air levels in the bed (%) 5.0-12.0 
Excess air levels in the riser (%) 45.0-70.0 
Average chicken litter particle size (mm) 1.0 
Average peat particle size (mm) 2.5 
Bed height (mm) 200-320 
Average sand particle size (mm) 0.5 
 
 
Table 2 describes the proximate and ultimate analysis of the peat and chicken litter 
used in the experiments. High levels of moisture and oxygen were recorded for the 
chicken litter, which resulted in a heating value approximately 50% that of the peat. 
The ratio of volatile matter to fixed carbon was also found to be relatively high in the 
chicken litter, this favours combustion occurring in the gas phase above the bed rather 
than the dense phase of the bed itself. 
 
 
Table 2. Proximate and ultimate analysis of peat and chicken litter used for co-
combustion experiments 
 
Ultimate analysis Chicken litter Peat 
Volatile matter (wt. %) 38.91 50.26 
Fixed carbon (wt. %) 1.66 19.91 
Moisture (wt. %) 43.01 24.13 
Ash (wt. %) 16.42 5.70 
Carbon (wt. %) 39.57 51.43 
Hydrogen (wt. %) 5.11 5.19 
Nitrogen (wt. %) 5.31 2.13 
Sulphur (wt. %) 0.77 0.00 
Oxygen (wt. %) 48.27 41.25 
Chlorine (wt. %) 0.88 0.00 
HHV (MJ/kg) 10620 21260 
 
 
2.2. Dispersion study methods 
In this study a Cambridge Environmental Research Consultants Atmospheric 
Dispersion Modelling System (ADMS) version 3 was used. The modelling 
assessment was based on a definition of the operating regime of the combustion unit 
and identification of the key atmospheric pollutants during proposed operations as 
well as on the prediction of the incremental effect on ground level pollutant 
concentrations due to emissions to the atmosphere from the proposed facility. The 
model has been extensively validated against field data sets (Hanna, 1989; Hanna et 
al., 1999; Carruthers et al., 1995). 
 
ADMS utilises a range of meteorological conditions, which can be combined to 
represent different atmospheric stabilities. The most important parameters in the 
ADMS approach are the Monin–Obukhov length Lmo (which, together with the wind 
speed, describes the stability of the atmosphere) and the boundary layer height. A 
meteorological data file was included with hourly readings for wind speed, wind 
direction, temperature, rainfall and cloud cover based on information obtained from 
the Irish Metereological Office. One year of hourly sequential readings (2000) was 
used as input data for the dispersion modelling. 
 
The surrounding buildings may affect the plume and therefore the height, width and 
length of each building were inputted. Mapping and digital terrain data were obtained 
from Ordnance Survey Ireland. For the purpose of this plume dispersion model, the 
operation of the combustion unit was proposed at Raheenagh, Co. Limerick, Ireland. 
A file containing the layout and dimensions of the buildings including the main 
broiler building is given in Fig. 1. Local residential development around the facility is 
low and population density is rural in nature. The surrounding terrain is relatively flat 
and will have little effect on the dispersion of the plume Fig. 2. 
 
 
Fig. 1. Buildings layout at designated poultry farm. The units on the axes are 
distances in meters from a central ordnance survey grid point. The proposed stack is 
marked with a cross. 
 
 
 
 
Fig. 2. Terrain surrounding Raheenagh. The stack is shown with a cross. 
 
 
The model input parameters for the plant operations from a point source are listed in 
Table 3. The significant atmospheric pollutants considered in this assessment were 
nitrogen oxide (NOx), carbon monoxide (CO) and sulphur dioxide (SO2). Emission 
rates for the unit were calculated based on monitoring experiments and used as input 
for the model (Abelha et al., 2002). These values are given in Table 4. 
 
 
 
Table 3. Plant specific model input parameters 
 
Input parameter Value 
Number of stacks 1 
Grid reference (m) 129634 
Raheenagh 124970 
Stack height (m) 5 
Stack diameter (mm) 210 
Normal volumetric flow (m3/s) 0.0347 
Exhaust gas temperature (ºC) 50.66 
 
 
Table 4. Emission rates used in the dispersion model 
 
 NOx (g/s) SO2 (g/s) CO (g/s) 
Mean 0.00072 0.01173 0.12601 
Max 0.00133 0.01255 0.19661 
Min 0.00032 0.01041 0.06556 
 
 
In this report the outputs vary depending on the conditions of use in the FBC but 
generally the annual average, hourly average and 99.9th percentile gave useful 
information that could be compared to national and international standards. The 
ground level concentration of the pollutant were plotted and overlapped on a map of 
the area. 
 
 
3. Results and discussion 
3.1. Factors influencing emission characteristics 
Conditions in the fluidised bed influence the degree of combustion and therefore the 
concentration of flue gas components. It is important that oxidising conditions exist 
both in the bed and the freeboard to ensure complete combustion. The extent of 
combustion was evaluated through the concentration of CO and unburned 
hydrocarbons (VOC), both of which represent incomplete combustion of the fuel. 
 
Considerable variation in CO levels was observed because the release of volatile 
molecules from the chicken litter occurred very rapidly and mixing in the freeboard 
was not efficient. These fluctuations were particularly evident when all the air was 
introduced as fluidising air, giving rise to unacceptably high emissions of CO (Fig. 3). 
The simple partitioning of air between fluidising and secondary air was not sufficient 
on its own to reduce CO levels. Adjusting the ratio of secondary air to fluidising to 
0.4 combined with staging of secondary air intake to increase the degree of turbulence 
were necessary in order to reduce CO levels to below 200 ppm and VOCs to below 25 
ppm (both corrected to 11% O2) in the freeboard by breaking up plug flow behaviour. 
 
 
 
 
 
 
 
 
 
Fig. 3. Concentration of CO, CO2 and O2 as a function of time for the co-combustion 
of 50/50% w/w peat and chicken litter. 
 
 
Staging of air intake also had a noticeable effect on emissions of NOx, with NO 
concentrations not exceeding 120 ppm and N2O levels being maintained below 25 
ppm (corrected to 11% O2). It was determined that without the use of secondary air 
the conversion of fuel-N to NOx was 30%, a concentration usually observed in 
fluidised beds. When the secondary air was used with staging, the extent of 
conversion decreased to between 15% and 18%. The nitrogenous groups responsible 
for NOx formation are mainly of NH3 origin as HCN measured during 
devolatilisation corresponded to about 20% of total nitrogenous groups released. T
presence of relatively low levels of N
he 
en 4 
 of CaSO4. 
2O confirms this, as HCN is the primary 
precursor to the formation of N2O. Formation of SO2 was insignificant at betwe
and 6 ppm primarily due to the low sulphur content of both chicken litter and but also 
because Ca present in the ash acts to reduce the concentration of SO2 in the flue gas 
through the formation
 
 
3.2. Dispersion modelling 
The maximum predicted ground level concentrations of CO, NOx and SO2 are 
presented in Table 5 in conjunction with air quality standards where relevant. The 
concentration of products of combustion emitted to atmosphere are significantly lower 
than the limits and guidelines set by air quality standards suggesting that the impact of 
the proposed unit for the co-combustion of chicken litter and peat on atmospheric 
emissions is minimal. The predicted concentration levels annual average ground level 
concentrations of CO, NOx, SO2 and in the locality of the poultry farm are presented 
in Fig. 4, Fig. 5 and Fig. 6 respectively. 
 
 
 
 
 
 
Table 5. Predicted ground level concentrations of pollutants compared with relevant 
limit and guideline values 
 
 
Pollutant Prediction type Maximum 
concentration 
(μg/m3) 
Recommended 
level  
(μg/m3) 
Source3 Percentage 
of limit 
NOx Annual average 0.0353 30 WHO 0.12 
NOx Hourly average (100th 
percentile) 
13.941 - - - 
NOx Hourly average (99.9th 
percentile) 
3.2537 - - - 
NOx Hourly average (98th 
percentile) 
0.49485 - - - 
CO Annual average 5.21 - - - 
CO Hourly average (100th 
percentile) 
2060.9 30000 WHO 6.86 
CO Eight hourly average (100th 
percentile) 
196.84 10000 WHO 1.97 
SO2 Annual average 0.333 40-60 EU 
guide 
0.8-0.55 
SO2 Hourly average (100th 
percentile) 
131.55 350 WHO 37.6 
SO2 Hourly average (99.9th 
percentile) 
30.702 186 NAQS 16.50 
SO2 Hourly average (98th 
percentile) 
10.52 350 EU 
limit 
3.00 
 
 
 
 
Fig. 4. Annual average for CO ground level concentration (μg/m3) at Raheenagh for 
50/50 chicken litter and peat combustion. 
  
Fig. 5. Annual average for NOx ground level concentration (μg/m3) at Raheenagh for 
50/50 chicken litter and peat combustion. 
 
 
 
 
Fig. 6. Annual average for SO3 ground level concentration (μg/m3) at Raheenagh for 
50/50 chicken litter and peat combustion. 
 
 
4. Conclusions 
Chicken litter, arising from the production of broiler chickens, was successfully co-
combusted with peat in a fluidised bed combustor. Variables within the combustion 
unit not only influenced combustion but also emission levels of pollutants such as 
SO2 and NOx. CO emissions decreased with the use of the correct ratio between 
fluidising and secondary air, the staging of secondary air and the degree of turbule
with which the secondary air is introduced. Levels of VOCs were found to follow the 
same pattern. Dispersion modelling of actual combustion at a proposed poultry
predicted that ground level concentrations for the set of emissions data would be 
below the limits and guidelines set by air quality standards. These results show that 
the fluidised bed co-combustion of both chicken litter and peat is not only possible but 
that gaseous emissions are not hazardous. This adds further value to an already 
attractive solution. 
nce 
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